Despite progresses achieved in the technology of MEMS, the tribological problem continues being an unresolved matter. Wear and stick-slip phenomena are many times the origin of failure of these devices. The application of self-assembled monolayers (SAMs) in liquid phase seems to be a solution to this problems. SAMs of octadecyltrichlorosilane (CH 3 (CH 2 ) 17 SiCl 3 , OTS) were attached to Si(100) oxidized in liquid phase. Contact angle measurements were used for characterizing the grade of hydrophobicity. The topography of the coating was obtained with an Atomic Force Microscopy (AFM) in semicontact mode. The images showed the presence of particles related to the polymerization of the precursor molecule during the formation process of the SAMs. Creating the film of lubricant in vapour phase would avoid this undesirable effect. Tribological tests were carried out with a microtribometer in linear reciprocating movement with a ball of 2 mm of diameter (100Cr6 and Si 3 N 4 ) and load of some milinewtons. Results were compared with those obtained for silicon oxidized without any coating. The coefficient of friction (COF) and wear (substrate and ball) were studied under different test conditions.
INTRODUCTION
Single-crystal silicon is the most widely used substrate material for MEMS and microsystems owing to different reasons: its mechanical stability, high Young's modulus and melting point, low thermal expansion coefficient, great flexibility in design and manufacture, …
The large surface-area-to-volume ratios of surface and bulk microsystems produces sometimes failures in the micromachines. Adhesion, stiction, and the production of wear debris [1] are the most common processes that cause the loss of efficiency when there are parts in contact and in relative sliding motion. It has long been known that the application of monomolecular organic layers, particularly those with long hydrocarbon chains, work as boundary lubricants, having an important effect on the macroscopic tribological properties of the substrate upon which the film is attached [2] .
Taking into account all these points, SAMs of OTS attached to a surface of silicon (oxidized) constitutes an interesting system. The introduction of low energy surfaces such as SAMs reduces the adsorption of water, thereby reducing the friction force.
EXPERIMENTAL AND RESULTS

Sample preparation
The samples studied have been Si(100) with a native film of oxide and Si(100) in which it has been attached SAMs of OTS in liquid phase.
Contact angle measurements and surface energy
Contact angles are parameters of interest in systems where the interface is important. For determining the superficial energy of a substrate a method based on the Owens-Wendt theory was used. The test liquid were two, deionized water and n-hexadecane. 
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treated, contact angles measured on the system OTS/Si(100) was characteristic of a hydrophobic one. Also the total surface energy calculated for the OTS/Si(100) sample shows a lower value than the bare silicon.
Topography and roughness
Topography and roughness are crucial parameters in the adhesion and friction when the working scale is micro/nanometric. Topography images were obtained with an Atomic Force Microscopy (AFM) from NT-MDT (Russia) in semicontact mode (in order to not damage the surface) and with a rectangular silicon cantilever for semicontact measurements (k= 11.2 N/m). The scanning was made in vertical direction with respect to the long axis of the cantilever and along two areas, 20x20 µm 2 (v=42 µm/s) and 5x5 µm 2 (v=10 µm/s). The topographies of the OTS revealed the presence of some particles ascribed to the polymerization of the precursor molecule during the process of formation of the SAMs. These particles had a diameter that varies from 150-500 nm and some of them were up to 102 nm in height. The roughness measured in this area was Ra=0,76 nm and in the area of 5x5 µm 2 0,37 nm, less than that obtained in the area of 20x20 µm 2 . This is an expected effect so that the area of 5x5 µm 2 had less particle and they are smaller. The presence of these small material agglomerations represents a negative effect because the surface is less homogeneous.
Scratching tests
It was studied the influence of the number of cycles that a tip of an AFM slides on a surface of OTS applying a normal load of 3,6 µN.
The depth of the scars showed a linear dependence with the depth of the scars. Wear was very high in all the scars so it is supposed that the film of OTS has been removed in all of the series.
The dimensions of the scars were bigger than the were supposed when the number of cycles increased owing to the accumulation of the film of OTS in the tip of the cantilever while it scratched the surface.
Microtribological tests
In order to simulate a realistic situation, we used a microtribometer from CSM (Switzerland) in linear reciprocating mode. A known load was applied through a cantilever which had a small ball of 2 mm of diameter attached to its edge. The ball slide on the surface and the COF was determined during the test from the deflexions that the cantilever felt.
To study the behaviour of the wear in the ball and in the surface on which the ball slides, it was made a series of four measurements on the Si(100) and the OTS/Si(100) samples, each series with the same ball. Wear scar grows with the number of tests, what is translated into an increase in the COF. The explanation is the same as the one in the previous section. In the successive tests, the behaviour of the COF is much more unstable and fluctuations started to appear.
With regards to the scars on the OTS/Si(100), the effect described above happens again. But the evolution of the COF, in this case, is almost the same for the four tests: the COF increased to a maximum value and then decreased suddenly and finally reached a constant value. This phenomenon is related to the rupture of the film of OTS. In the second test, the maximum value was lower because of the fact that the ball still had the OTS lubricant attached to its surface owing to the test carried out before. So, the OTS films improve the friction properties but the wear produced is high. Just before the tests, the balls showed the presence of wear debris and also a clear wear scar.
It was also studied the influence in friction properties of the material of the ball on the OTS/Si(100) sample. The balls were of 100Cr6 and Si 3 N 4 . Loads were 10 and 80 mN.
The qualitative evolution of the COF was more affected by the applied normal load than by the material of the ball. However, in the qualitative behaviour there were differences. In the test made with 10 mN of load the COF had a similar tendency. Until approximately 500 cycles it was practically constant. However, at that moment, the film broke and was gradually degraded, something showed in the continuous increase of the COF. But in the test under 80 mN, at the beginning of the test, the COF increased sharply to a maximum value and next it stabilized and a constant value was achieved. The test with the Si 3 N 4 ball reached a stable value earlier than in tests with 100Cr6 ball. But the biggest differences were related to the COF: 0,60 with the Si 3 N 4 ball and 0,30 with the 100Cr6 ball.
In the Si 3 N 4 ball the adherence of the wear debris was stronger than in the 100Cr6 ball. It was remarkable the high wear (2,5 µm depth and 150 µm width) and the presence of wear debris on the edges of the wear scar produced with the Si 3 N 4 sample.
CONCLUSIONS
The analysis by AFM of the surface in which SAMs of OTS were attached in liquid phase reveals the presence of some material agglomerations. This particles are not desirable because they can interrupt the normal operation of the microdevices. So, different times of process of formation or even a deposition in vapor phase is proposed for future works. However, measured roughness values are in concordance with other works.
The scratching tests showed a high wear in all the series. Taking into account the depth of the scars, it can be said that all the OTS film was removed since the thickness of a typical film of OTS is around 1-3 nm.
When a 100Cr6 ball slides on a Si(100) sample the COF is more unstable than when it slides on a OTS/Si(100) sample. However, the wear of the ball was a bit smaller. In both cases, the wear on the samples increased with the number of tests made with the same ball.
If we compare results of a test under the same conditions but with different ball (100Cr6 and Si 3 N 4 ), it is found that the applied load influences more than the ball material.
